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(57) ABSTRACT 

A garment 10, such as a pair of trousers, skirt or full-length 
coat, comprises an antenna 12 and means 14 for connection 
of the same to a portable electronic device 16 to permit 
Wireless communications of said device 16 via the antenna 
12. The antenna 12 is a longitudinal conductive element 
attached to the garment 10 in such an orientation as to be 
close to the ground and to extend substantially vertically 
When a Wearer of the garment is in a standing position. The 
antenna orientation close to the natural ground plane gives 
improved reception for, eg FM radio broadcasts. 
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PORTABLE DEVICE ANTENNA 

[0001] The present invention relates to portable electronic 
devices and to antenna arrangements to enable Wireless 
transfer of data to and/or from such devices and, in particu 
lar, to such an antenna arrangement attached to or incorpo 
rated into a pair of trousers or other garment. 

[0002] It is knoWn to provide an antenna in or attached to 
a garment, for example for use in a mobile telecommuni 
cations system. One example of this is given in EP-A-0 637 
094 to Matsushita Which describes an antenna comprising 
metal antenna elements in the form of conductive plates 
formed on opposite sides of a dielectric slab; the antenna is 
intended for mounting on a human shoulder, and the rigidity 
of the dielectric slab prevents deformation of the antenna. 
HoWever, the rigidity also results in the antenna being 
uncomfortable and inconvenient to Wear, as Well as render 
ing it someWhat obtrusive. A more ?exible construction of 
Wearable antenna for such applications is described in our 
commonly assigned United Kingdom patent application 
no.9927842.6 (PHB34417): Whilst the ?exible construction 
makes the antenna more suited for incorporation into gar 
ments for everyday Wear, the need for insulator spacing of 
plates creates a certain thickness for the antenna Which 
limits its applications. 

[0003] It is also knoWn to provide an antenna suitable for 
at least partial incorporation into a garment from US. Pat. 
No. 5,825,327 (Krasner) Which describes an arrangement of 
GPS receiver and GPS transmitter, communication antenna 
and communication transmitter incorporated into a jacket 
and/or a pair of trousers With the antennae being in the form 
of ?exible strip antenna devices seWn to the inner or outer 
surface of the garment. The particular consideration of 
Krasner is the avoidance of line-of-sight problems Which 
can affect the acquisition and tracking of GPS satellite 
signals. 

[0004] A further example of an antenna incorporated 
Within a garment is given in United Kingdom patent appli 
cation GB-A-2 183099 (UK Secretary of State for Defense). 
The antenna described comprises a tubular member of 
?exible electrically-conducting material ?fted as a liner 
Within the sleeve of a jacket (or other upper body garment) 
or Within the leg of a pair of trousers. 

[0005] What is not considered is hoW the performance of 
the antennae in GBA-2 183099 and US. Pat. No. 5,825,327 
(Krasner), and other Wearable antenna constructions, might 
be improved and/or adapted for optimum performance. 

[0006] Accordingly, it is an object of the present invention 
is to provide an antenna capable of unobtrusive incorpora 
tion into a garment and having improved performance. 

[0007] In accordance With the present invention there is 
provided a garment comprising an antenna and means for 
connection of the same to a portable electronic device to 
permit Wireless communications of said device via said 
antenna; 

[0008] Wherein the garment is shaped to be Worn 
about the loWer body of a user and the antenna is a 
longitudinal conductive element attached to the gar 
ment in such an orientation as to be close to the 
ground and to extend substantially vertically When a 
Wearer of the garment is in a standing position. 
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[0009] As Will be described in greater detail hereinafter 
With reference to FIGS. 1 to 3 of the accompanying draW 
ings, the applicants have recognised that, by arraying the 
elements of an antenna in vertical orientation but close to the 
ground (for example in a dress, skirt, pair of trousers or full 
length coat), the effect of a ?at earth plane—i.e. the 
ground—may be utilised to give enhanced performance. 

[0010] The antenna might be a single conductor or may 
comprise a plurality of longitudinal conductive elements 
spaced about the loWer portion of the garment and posi 
tioned in substantially parallel alignment. Such an arrange 
ment also counters the electric ?eld reduction effect of the 
human body, as Will also be described in greater detail 
hereinafter. 

[0011] The or each antenna element may be attached to an 
interior surface of the garment, or attached to an exterior 
surface of the garment, or be concealed Within a seam of the 
garment, or a combination of some or all of these arrange 
ments may be utilised. Alternatively, the or each antenna 
element may comprise a track of ?exible conductive mate 
rial deposited on a surface of the garment, or may comprise 
one or a plurality of conductive threads interWoven With the 
material of the garment. Indeed, substantive portions of the 
garment may be Woven from conductive thread or otherWise 
assembled from conductive material such as to provide a 
large area for the antenna element. 

[0012] The or each antenna may comprise a monopole 
element With a feed connection at the upper end thereof, or 
it may comprise a dipole With a feed connection joining a 
matched pair of antenna elements. This latter arrangement is 
particularly suited Where the garment is in the form of a pair 
of trousers With each of said matched pair of elements being 
disposed doWn a respective leg of the trousers, although it 
Will be recognised that such symmetry is not mandatory. 

[0013] The said means for connection to the portable 
electronic device may comprise a conventional plug and 
socket or might comprise one or more conductive press stud 
connectors in electrical contact With the or each antenna 
element. For enhanced usability, the garment may further 
comprise a pocket for reception of the said portable elec 
tronic device adjacent said antenna. 

[0014] As Will be described, the form of electronic device 
may vary, With the Wireless link capability alloWing devices 
previously required to be of unitary (i.e. hard-Wired) con 
struction to instead take up a distributed arrangement With 
separate components spread amongst the garments of a user 
(or possibly even of several users). By use of the invention 
as the antenna in mobile telecommunications equipment, the 
remainder of the handset can be made smaller and lighter 
than Was previously possible through separation of the 
component parts, particularly as the overall siZe of many 
mobile telephone handsets is constrained by the siZe of the 
antenna assembly used. Such an antenna is intended to be 
?exible and lightWeight and one that does not impede the 
movements of the user. The mobile telecommunications 
equipment may be a mobile telephone or a pager or other 
portable devices accessing a single base-station or forming 
a part of a Wireless Local Area NetWork 

[0015] The invention Will noW be described by Way of 
example With reference to the accompanying draWings in 
Which: 
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[0016] FIG. 1 illustrates a ?rst embodiment of garment 
embodying the present invention, With a single monopole 
antenna; 

[0017] FIG. 2 illustrates the effect of direct and re?ected 
signals on antennae close to ground planes; 

[0018] FIG. 3 schematically represents the accumulation 
and depreciation of magnetic and electrical ?eld components 
close to ground level in the example of FIG. 2; 

[0019] FIG. 4 represents an arrangement of garment seam 
incorporating and concealing an antenna; 

[0020] FIG. 5 represents the provision of a storage or 
receptacle means Within the garment for the electronic 
device linked to the aerial; 

[0021] FIG. 6 is a side-vieW detail of the arrangement of 
FIG. 5 shoWing the connection mechanism betWeen the 
electronic device and the antenna; 

[0022] FIG. 7 illustrates a further embodiment of garment 
embodying the present invention, With an antenna of plural, 
mostly concealed, monopole antenna elements; 

[0023] FIG. 8 schematically represents the effect of ?eld 
reduction on incident electric ?elds close to a human body; 
and 

[0024] FIG. 9 illustrates a still further embodiment of 
garment embodying the present invention, With an antenna 
comprised of a pair of Woven patches coupled as dipole 
antenna elements. 

[0025] FIG. 1 illustrates the basic features of the present 
invention, in Which a garment, in this example a pair of 
trousers, leggings, slacks, jogging pants or the like 10, 
comprises an antenna 12 and means 14 for connection of the 
same to a portable electronic device 16 to permit Wireless 
communications of said device 16 via the antenna 12. The 
antenna 12 is a longitudinal conductive element attached to 
the garment 10 in such an orientation as to be close to the 
ground and to extend substantially vertically When a Wearer 
of the garment is in a standing position. 

[0026] This particular arrangement for the antenna relative 
to the garment has been identi?ed by the present applicants 
as one providing particular bene?ts in terms of performance, 
especially but not exclusively for the reception of broadcast 
FM radio signals. The antenna arrangement of the present 
invention makes particular use of the effects of re?ected rays 
When operating close to a ?at earth plane—typically the 
ground itself in the case of the garment 10. 

[0027] The ?eld received above ground G Will be the 
vector addition of the direct D and re?ected R Waves from 
the transmitting antenna 20 to receiving antenna 12, as 
shoWn in FIG. 2. The re?ected Wave R can accounted for by 
the introduction of an equivalent image 20‘ beneath the 
ground G. 

[0028] The orientation of the image can be found by 
consideration of the re?ection coefficient of the ?eld com 
ponent. This varies With angle, but above the BreWster angle 
(Which is loW for most ground conditions compared to the 
angles at Which scattered Waves arrive), it can be considered 
constant in sign. It is positive for the vertically polarised 
electric ?eld El and horiZontally polarised magnetic ?eld 
M2. It is negative for the horiZontally polarised electric ?eld 
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E2 and vertically polarised magnetic ?eld Ml. This gives the 
images shoWn in FIG. 3. When the images are positive (i.e. 
same direction as for E1 and M2) the direct and re?ected 
Waves add in phase near the ground G, giving a ?eld 
enhancement: this is illustrated by the graph to the right of 
FIG. 3 shoWing the variation in ?eld strength E at varying 
distances h from the supposedly in?nite and perfect con 
ductor of the ground plane G. When negative (i.e. opposite 
direction), the direct and re?ected Waves add in antiphase 
near the ground, giving a ?eld degradation. 

[0029] By its positioning Within a garment and generally 
vertically oriented (for When the user is standing or Walking 
about), the antenna in the garment according to the present 
invention receives the vertical electric ?eld near the ground 
and therefore utilises the maximum ?eld enhancement to 
give improved performance over, for example, the relatively 
short GPS satellite signal receiving antennae of the above 
described Krasner reference. 

[0030] Reverting to FIG. 1, and With additional reference 
to FIGS. 4 to 6, some further features of the garment Will 
noW be described. As shoWn in FIG. 1, the antenna 12 may 
be in the form of a strip of conductive Woven material seWn 
or otherWise attached to the exterior surface of the garment 
in an arrangement that makes a feature of the antenna. A 
more discrete arrangement, possible Where only a single 
monopole element is used, is to conceal the element Within 
a seam of the garment, as illustrated in FIG. 4 Which 
represents a section through the seam shoWing the ?rst and 
second pieces of garment fabric 28, 30 joined in a seam 
concealing antenna element 12 and secured by stitching 
through Where indicated by arroWs S. 

[0031] The portable electronic device 16 may be carried in 
a dedicated (i.e. speci?cally shaped and positioned) pocket 
32 of the garment 10 as shoWn in FIG. 5. Connection of the 
device to the antenna may suitably be accomplished through 
sets of conductive press-studs 34, 36, as shoWn in FIG. 6, 
With the press studs of the device 16 being carried on a 
?exible patch 38 for ease of removal, although direct mount 
ing of press-stud 34 on the exterior casing of device 16 is 
possible. The distribution and number of press-stud (or 
conventional plug and socket) electrical connectors Will 
depend on the form and function of the device. For example, 
Where the device does not carry its oWn poWer supply, a pair 
of connectors may provide a link via conductive track or 
cable Within the garment to a poWer supply. 

[0032] An optimum use for the antenna 12 is Where the 
portable electronic device is an FM radio receiver, With the 
length L of the antenna element or elements being optimised 
for the centre frequency of the FM broadcast band. The 
Wavelength at the centre frequency is approximately 3.0 
meters, With a quarter Wavelength antenna element 12 of 
length L=0.75 meters having not only optimum performance 
When operating close to the ground plane but also being of 
a length suitable for inclusion in a pair of trousers or other 
loWer body garment. 

[0033] Further variations, both in the form of the garment 
and included antenna, Will noW be described With reference 
to FIGS. 7, 8 and 9. FIG. 7 represents a skirt having a 
number of antenna elements disposed in vertical (and sub 
stantially parallel) alignment as before, but on the interior 
surface of the garment 10A. The antenna elements may be 
separate strips of conductive fabric as before, or they may be 
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formed from conductive threads Woven into the cloth from 
Which the garment 10A is fabricated. In a further alternative, 
the elements may be formed from a conductive compound 
Which is simply painted or otherWise deposited on the 
material to form tracks or panels. 

[0034] The antenna elements in FIG. 7 are coupled With 
a portable electronic device 16 clipped to the garment 
Waistband through one or more feed connections 40 running 
perpendicular to the antenna elements 12. A particular 
bene?t from having a number of antenna elements spread 
around the garment is that shadoWing (caused by a part of 
the Wearers body appearing betWeen the signal source and 
antenna element) is largely avoided. 

[0035] A further problem countered by having the ele 
ments spaced around the garment is that of the electric ?eld 
reduction effect of the human body. This effect is illustrated 
in FIG. 8, With electric ?eld strength EV being attenuated 
close to the body 44 as the ?eld approaches from the right: 
the further attenuation of EV shoWn to the left of the body is 
that arising from shadoWing. By distributing the antenna 
elements around the body 44, this drop-off in ?eld strength 
is minimised, leading to improved performance of the 
antenna. 

[0036] FIG. 9 represents a further garment 10B in the 
form of a full-length coat having a pair of antenna elements 
12 formed from Woven panels of conductive material. The 
tWo panels, again optimised in length for the particular 
signal type to be received and/or sent, are driven from a 
connection betWeen them (illustrated generally at 42) as a 
dipole antenna. This arrangement may also be applied to the 
skirt of FIG. 7 or to the trousers of FIG. 1, With each leg 
being surrounded by antenna elements - giving the above 
described bene?ts in terms of reduced shadoWing and ?eld 
reduction connected together to form a respective half of the 
dipole antenna. 

[0037] Whilst described in terms of an FM radio, the 
skilled reader Will be aWare of other uses for the present 
invention, Where the portable electronic device 16 may 
comprise an AM radio, mobile telephone, pager, mobile 
radio, PDA With netWork capability and so forth, With the 
antenna 12 con?gured as necessary. 

[0038] From reading the present disclosure, other modi 
?cations Will be apparent to persons skilled in the art. Such 
modi?cations may involve other features Which are already 
knoWn in the design, manufacture and use of garments and 
antennas and applications thereof and Which may be used 
instead of or in addition to features already described herein. 

1. A garment comprising an antenna and means for 
connection of the same to a portable electronic device to 
permit Wireless communications of said device via said 
antenna; 
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Wherein the garment is shaped to be Worn about the loWer 
body of a user and the antenna is a longitudinal 
conductive element attached to the garment in such an 
orientation as to be close to the ground and to extend 
substantially vertically When a Wearer of the garment is 
in a standing position. 

2. A garment as claimed in claim 1, Wherein the antenna 
comprises a plurality of longitudinal conductive elements 
spaced about the loWer portion of the garment and posi 
tioned in substantially parallel alignment. 

3. A garment as claimed in claim 1, Wherein the or each 
antenna element is attached to an interior surface of the 

garment. 
4. A garment as claimed in claim 1, Wherein the or each 

antenna element is attached to an exterior surface of the 

garment. 
5. A garment as claimed in claim 1, Wherein the or each 

antenna element comprises a track of ?exible conductive 
material deposited on a surface of the garment. 

6. A garment as claimed in claim 1, Wherein the or each 
antenna element is concealed Within a seam of the garment. 

7. A garment as claimed in claim 1, Wherein the or each 
antenna element comprises one or a plurality of conductive 
threads interWoven With the material of the garment. 

8. A garment as claimed in claim 1, Wherein the or each 
antenna comprises a monopole element With a feed connec 

tion at the upper end thereof. 

9. A garment as claimed in claim 1, Wherein the or each 
antenna comprises a dipole With a feed connection joining a 
matched pair of antenna elements. 

10. A garment as claimed in claim 9, in the form of a pair 
of trousers With each of said matched pair of elements being 
disposed doWn a respective leg of the trousers. 

11. A garment as claimed in claim 1, Wherein said means 
for connection to said portable electronic device comprise 
one or more conductive press stud connectors in electrical 

contact With the or each antenna element. 

12. A garment as claimed in claim 1, further comprising 
a pocket for reception of said portable electronic device 
adjacent said antenna. 

13. A garment as claimed in claim 1, Wherein the or each 
antenna element is approximately 0.75 meters in length. 

14. A garment as claimed in claim 1, Wherein the or each 
antenna element is of an optimal length for reception of a 
predetermined radio frequency. 


